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Abstract. Hepatic fibrosis is an excessive accumulation of extracellular matrix proteins, 
including collagen, which occurs in most chronic liver diseases. It is a scarring lesion of liver 
parenchyma induced by chronic necro-inflammatory lesions of multiple etiologies and evolves 
gradually as long as the etiology factors persist. 
We used 40 male Wistar rats of an average weight of 200g, who received chronic carbon 
tetrachloride treatment in dose of 1,2 ml/kg, two times a week, for 8 weeks. Liver samples were taken 
after euthanasia at 2, 3, 4 and 8 weeks after the start of the experiment. 
The formalin-fixed hepatic samples were embedded in paraffin, sectioned at 4 µm, stained by 
Haematoxilin-Eosine and Masson's trichrome methods. By the examination we noticed changes of 
variable severity, depending on the moment of sample taking. Early changes were dominated by 
diffuse periacinar (centrolobular) hepatic necrosis and inflammation, while at 4 and 8 weeks fibrosis 
was the dominant feature. We perform a staging and grading of the liver lesions according to The 
Knodell Histology and Activity Index. 
Carbon tetrachloride is a liver-toxic drug which produces centrolobular necrosis and bridging 
fibrosis (especially central-central bridges). It is a good experimental model for studying the early liver 
fibrosis changes. 
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INTRODUCTION 
 
Hepatic fibrosis is an excessive accumulation of extracellular matrix proteins, 
including collagen, damage which occurs in most chronic liver diseases. It is a scarring lesion 
of liver parenchyma induced by chronic necro-inflammatory lesions of multiple etiologies and 
evolves gradually as long as the etiology factors persist. Advanced liver fibrosis results in 
cirrhosis, liver failure, and portal hypertension (Battaler, 2005). 
The important causes of chronic liver injury are viral hepatitis, metabolic disorders 
such as deregulation of cooper metabolism, autoimmune diseases and chronic exposure to 
certain chemicals, alcohol or drugs (Greupink, 2006). It is also becoming increasingly clear 
that obesity is a risk factor for steatohepatitis, finally leading to fibrosis (Brunt, 2004). 
Although initially the synthesis of scar tissue in the injured liver serves as a repair mechanism 
to allow proper healing of the damaged tissue, liver fibrosis can be viewed upon as a derailed 
healing response, in which the deposition of scar tissue is disproportionate to the extent of 
tissue damage. In its advanced stages the disease is characterized by its self-perpetuating 
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nature, reflected by the fact that fibrosis progresses even after withdrawal of the inciting 
stimulus. Fibrosis may continue to progress into a severe condition called cirrhosis, which is 
irreversible and characterized by the formation of regenerative nodules of liver parenchyma 
that are encapsulated in fibrotic septa (Greupink, 2006). 
The variety of injurious events that lead to fibrosis, translates into differences in the 
topographical distribution of fibrosis within the liver. At experimental animals the 
administration of the hepatotoxic agent CCl4 induces mainly hepatocyte injury in central area 
(zone 3) of the liver, resulting in central-central bridging of fibrotic septa (Pinzani, 2005). 
 
MATERIALS AND METHODS 
 
We used 40 male Wistar rats of an average weight of 200g. The animals were 
distributed in 2 groups. 
In the first group (group I) 20 male Wistar rats were distributed, with the average 
weight of 200g. At this first group we performed a chronic carbon tetrachloride (conc. 25%) 
administration given by oral gavage, in a dose of 1,2 ml/kg, two times a week (thursday and 
friday), for 8 weeks. The initial dose was 0,24 ml/rat (corresponding to an 200g bodyweight), 
the further dose was adjusted with the evolution of the animals bodyweight. We also perform 
an intra-peritoneal administration of saline solution in dose of 0,2 ml/kg. 
In group II 20 male Wistar rats were distributed, with the average weight of 200g. At 
this group we performed a chronic carbon tetrachloride (conc. 25%) administration given by 
oral gavage, in a dose of 1,2 ml/kg, two times a week (thursday and friday), for 8 weeks. The 
initial dose was 0,24 ml/rat (corresponding to an 200g bodyweight), the further dose was 
adjusted with the evolution of the animals bodyweight. We also perform an intra-peritoneal 
administration of chitosan in dose of 0,2 ml/kg. 
Liver samples were taken at 2, 3, 4 and 8 weeks after the start of the experiment. After 
blood sample taking, the animals were sacrificed by cervical dislocation, the abdominal cavity 
was opened with a scissor, we made a macroscopic examination of the liver, and specimens 
were collected for histopathological examination. After 2 weeks 5 animals were sacrificed, at 
3 weeks 3 animals, at 4 weeks 14 animals and at 8 weeks 15 animals. 
Samples were embedded in paraffin, the sections made at 4 micrometers with a 
microtome Leica RM 2125 RT and stained by Haematoxiline–Eosine and Masson's trichrome 
methods. Then the slides were examined under a microscope Olympus BX 51. 
The images were taken with Olympus SP 350 digital camera and processed by a 
special image acquisition and processing program: Olympus Cell B. 
The slides stained by Masson's trichrome method were evaluated, using the Knodell 
Histology and Activity Index (HAI). The Knodell score or HAI is commonly used to assess or 
“stage” liver disease. The evaluated criteria were the periportal and central necrosis, the 
intralobular degeneration the portal inflammation and the fibrosis (Knodell, 1981). 
 
RESULTS AND DISCUSSION 
 
We examined the slides for assessing histological changes and for grading and staging 
of the liver samples, using the Knodell HAI. 
After the histological examination of the slides we found the following lesions: On 
examination of liver samples collected at 2 weeks after the start of the experiments, the 
lesions were dominated by massive diffuse central necrosis, ballooning degeneration, 
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intralobular necrosis, the display of acidophilic bodies (Fig.1). Liver steatosis was evident. On 
samples taken at 2 weeks, the fibrosis lesions were not obvious. 
The score given for the necro-inflamatory activity characterization was 9, which 
corresponds to grade III inflammation - moderate inflammation. The score given for assessing 
liver fibrosis was 0 – stage 0 (no scarring is observed). 
At the examination of liver samples collected at 3 weeks after the start of experiments 
we found diffuse central necrosis, ballooning degeneration and steatosis. Early central fibrosis 
is observed. 
The score given for characterizing the necro-inflamatory activity was 9, which 
corresponds to grade III inflammation - moderate inflammation. The score given for assessing 
liver fibrosis was 1 – stage 1 (early liver fibrosis is observed – fibrous central expansion) (Fig. 
2.) 
At 4 weeks after the beginning of the experiment, the lesions were dominated by 
central-central bridging fibrosis. The hepatic acini were evident because of the formation of 
fibrous bridges between central veins. Hepatocyte necrosis and ballooning degeneration was 
present. It is also evident a polimorf inflammatory cell infiltrate dominated by neutrofile, 
indicating an active chronic inflammatory response to persistent hepatocyte necrosis (Fig. 3.). 
We found ground-glass cytoplasm hepatocytes, and apoptotic bodies (the cell death occurs not 
only by necrosis). The diffuse dilatation of the sinusoids was obvious. In the centrolobular 
fibrous connective tissue mass it was evident the presence of ceroides in macrophages. 
The given score for characterization of the necro-inflamatory activity was 9, which 
corresponds to grade III inflammation - moderate inflammation. At 4 weeks the fibrosis stage 
had the value of 3 (bridging fibrosis). 
At 8 weeks after the start of the experiment, the lesions were dominated by central-
central bridging fibrosis. We have to mention, that the lesions had a greater severity than 
those after 4 weeks but didn’t reach the stage IV fibrosis - cirrhosis. 
An inflammatory cell infiltrate, dominated by mononuclear cells was present around 
the central veins, the leucocitosis was also evident, leucocytes were present in the sinusoidal 
capillaries. In the centrolobular fibrous connective tissue mass the presence of ceroides stored 
in macrophages was evident (Fig. 4.) 
The score given for characterizing the necro-inflamatory activity was 7, wich 
corresponds to grade II inflammation - mild inflammation. At 8 weeks the fibrosis stage is 3 
(bridging fibrosis with a greater severity than at 4 weeks). 
Several approaches of fibrosis induction have been described. Of these, CCl4 
intoxication in rats and mice is probably the most widely studied. In addition, the CCl4 model 
is the best characterized with referring to histological, biochemical, cell and molecular 
changes associated with the development of fibrosis (Costandinou, 2005). 
The lesions obtained after chronic oral administration of CCl4 appear in the following 
chronology: initially the central necrosis and ballooning degeneration appears, the acidophilic 
bodies are present, and after this acute stage, subsequently appears chronic active 
inflammation (a consequence of necrosis) and fibrosis. 
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Fig. 1. Central necrosis, balloning degeneration, 
acidophilic bodies, perivascular inflamatory infiltration  
(Masson's trichrome, x100). 
 
Fig. 2. Central necrosis, balloning degeneration, 
steatosis, diffuse dilatation of the sinusoids (Masson's 
trichrome, x200). 
 
 
 
Fig. 3. Central-central bridging fibrosis, evident hepatic 
acinus (Masson’s trichrome, x40) 
 
Fig. 4. Central fibrosis, intense inflammatory infiltrate 
dominated by mononuclear cells  
(Masson’s trichrome, x100) 
 
 
CONCLUSSIONS 
 
After three weeks of carbon tetrachloride administration in a dose of 1,2 ml/kg the 
early fibrosis appears, classified as stage 1 of the Knodell index. After four and eight weeks of 
administration of repeated doses of carbon tetrachloride (1,2 ml\kg), twice a week, the 
interlobulare bridging fibrosis appears (especially central-central bridges), a stage 3 fibrosis 
after Knodell index. The chitosan dosis of 0.3 mg/kg of had no protective effect on liver 
lesions installation.  
The experimental model used is a good model for studying the dynamics of early and 
advanced lesions of liver fibrosis. 
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